(1) They are small in size and high in output power.
(2) They make a quick response and have good control characteristics.
(3) The reliability of these devices is high. The system described below is the examples of evolution in the integrated control system and have been adopted since 1987 and well received.
[1] ENGINE-AT INTEGRATED CONTROL SYSTEM \ Engine torque is reduced during shift to reduce shift shock and the heat load of clutches. Fig. 3 shows the concept of this systems. Namely it produces five gear ratios by combining gear ratios of two gear units connected in series.
One of the technical problems in this construction is to shift each gear of two gear units synchronously in opposite directions. Fig. 7 shows the hydraulic pressure control circuit. Each shift Therefore modern control theory is applied. This is appropriate for the control of a system with multiple inputs and outputs. Furthermore, the compensators for the delays of electric-hydraulic systems were introduced for stabilization (Fig.8) . Toyota has developed an active controlled suspension system using hydro-pneumatics in 1989. Fig.12 and Fig.13 Regarding the automotive hydraulic and pneumatic systems,the development of techniques to make high efficiency and lightening compatible with low vibration-noise and low cost, is urgently needed. Improvement of system components and materials including working fluid is also necessary.
Moreover, simplification and integration of systems on the basis of the optimum designs have to be promoted.
Further development of hydraulic and pneumatic systems is required to make them continue to be indispensable to the automobile.
